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This report is one of a series being prepared by the U.S. Geological Survey in cooperation with the Arkansas Geological Commission. The purpose of these reports is to describe the geology and provide information pertinent to the exploitation of mineral resources.
This report is also distributed as Arkansas Geological Commission Informntion Circular 20-H.
The Clarksville, county seat of Johnson County and the largest town in the area, has a population of about 4,000. Other towns in the area and their approximate populations are Coal Hill, 700; Lamar, 500; Hartman, 300; and Denning, 200. These communities lie along either U.S. Highway 64 or the Missouri-Pacific Railtoad, both of which cross the three quadrangles. County and private roads provide 'access to most of the area. The Arkansas River also crosses the three quadrangles, and part of Dardanelle Reservoir, which was formed by a dam across the Arkansas River to the east, is in the Clarksville quadrangle.
The elevation above sea level in the area ranges from about 310 feet, near the southeast corner along the Arkansas River, to about 910 feet, near the northwest corner, in sees. 34 and 35, T. 10 N., R. 26 W., and sec. 3, T. 9 N., R. 26 W.
The diverse land forms of the area, both erosional and depositional, have resulted from the erosion of the folded and faulted sedimentary rocks. Mesas, buttes, questas, resequent fault-line scarps, anticlinal ridges, and synclinal valleys are the most common erosional forms, and terraces are the prevalent depositional form. The drainage patterns are mainly dendritic. The smaller streams are usually either resequent or longitudinal subsequent; the larger streams, Horsehead and Spadra Creeks, may be in part superposed. The Arkansas River is probably mainly resequent.
Reports by Collier (1,907), Croneis (1930) , and Haley (1960) The stratigraphic boundaries and nomenclature used in this report for rocks of ~fiddle Pennsylvanian age are those of the U.S. Geological Survey and were used by Merewether and Haley (1961) and Haley (1961) . The stratigraphic terminology for rocks of Early Pennsylvanian and pre-Pennsylvanian age is derived from quadrangle (Haley, 1966 ) ; E, Knoxville quadrangle (Merewether, 1967); F and a, Greenwood quadrangle (Haley and Hendricks, 1968) ; and G and b, Scranton and New Blaine quadrangles (Haley, 1968) .
that used by the U.S. Geological Survey for rocks exposed in the Ozark Mountains of northern Arkansas. These rocks were traced in the subsurface southward to the area of this report by ~Iaher and Lantz ( 1953) and Frezon and Glick (1959) . The stratigra.phic classification used in this report and the classification of the exposed rocks in the Arkansas Valley and Ozark Mountains are con1pared in table 1. .Norman F. Williams, :State Geologist, Arkansas Geological Commission, provided samples of drill cuttings from 16 of the wells drilled for gas in the three quadrangles. The Fort Smith Gas Co. ,provided samples of drill .cuttings from one well in the .area. Gulf Oil Corp. and Phillips Petroleum Co. loaned copies of the electric logs of several wells to the .authors. The Gulf Oil Corp. also loaned samples of drill cuttings and presented copies of electric logs from exploratory shallow holes drilled in the quadrangles. Mr. Kenneth King of Clarksville, Ark., loaned a compilation of old coal mine maps. To these individuals and organizations the authors express their sincere appre-ciation.
The geology of the parts of the Coal Hill, Hartman, and Clarksville quadrangles that are south of the north boundary of the alluvium of the Arkansas River was mapped and inter,preted for this report by Boyd R. Haley. The remaining northern 1 part of the report area was mapped and interpreted by E. A. Merewether. The contributions to this report by other personnel of the U.S. 'Geological Survey are noted where appropiate.
STRATIGRAPHY
Sedimentary rocks of the Pennsylvanian System and unconsolidated sediments of the Quaternary System crop out in the Coal Hill, Hartman, and Clarksville quadrangles, Arkansas (tpl. 1). Sedimentary rocks of the Ordovician, Silurian, Devonian, Mississippian, and Pennsylvanian Systems have been penetrated by wells drilled for gas in the three quadrangles. Most of these rocks are represented graphically on plate 2.
The sediments of Quaternary age are stream and river terrace deposits of ·Pleistocene age (Hendricks and Parks, 1950, p. 78 ) and stream and river alluvium of Recent age.
Rocks in the subsurface were studied by examining the drill cuttings and electric logs of selected holes drilled in these quadrangles. A description of all wells drilled for gas in the ma,pped area is .presented in table 2. Electric logs, sample logs, and composite interpretive logs from 44 of the 51 wells drilled for gas in the area were available for use in interpreting the subsurface geology. Most of the stratigraphic units penetrated by the wells can be correlated within a gas field, but correlations between gas fields are generally more difficult because only a few distinctive units can be traced throughout the area.
The Gulf Oil Corp. drilled 138 shallow holes in the mapped area (table 3) while exploring the Arkansas Valley for natural gas. The logs of these holes were used intensively by the authors in interpreting the stratigraphy and structure of the rocks beneath the alluvium of the Arkansas River. The logs of the shallow holes are mainly composite interpretive logs. Electric logs only were available for 10 of the holes and sample logs only were available for five of the holes. All electric logs were made with the same equipment and procedures. The composite interpretive logs and the electric logs can be correlated, generally, throughout the area of this report.
ORDOVICIAN SYSTEM EVERTON FORMATION AND ST. PETER SANDSTONE UNDIVIDED
Dolmnite, sandstone, and shale, probably correlative with the upper part of the Everton Formation and the overlying St. Peter Sandstone of the Ozark Mountains, were penetrated by the Humble Oil and Refining Co. H. L. Hembree Unit 1 (well16) in sec. 25, T. 9 N., R. 26 W. The combined thickness of these units in well16 is 214 feet. The rocks in the lower half of this interval consist of about 50 percent medium-to dark-gray slightly sandy to argillaceous dense to very finely crystalline dolomite. Interbedded with the dolomite is darkgray dolomitic shale and light-to medium-gray dolomitic very fine to fine-grained sandstone containing scattered medium sand grains. The rocks in the upper half of the Everton and St. Peter consist of ·about twothirds light-to medium-gray very fine to mediumgrained dolomitic sandstone containing scattered medirun to eoarse sand grains. Interbedded with the sandstone is medium-dark-to dark-gray dolomite some of which is very finely to finely sandy.
PLATTIN LIMESTONE AND KIMMSWICK LIMESTONE UNDIVIDED
A unit of limestone with a few thin beds of shale, penetrated by well 16, probably represents the Plattin and l{in1mswick Limestones of the Ozark Mountains. This unit is 110 feet thick and is about 90 percent limestone. In the lower part the limestone is medium gray and dense, and in the middle and upper parts it is light to dark gray, dense to finely crystalline, argillaceous, and finely sandy and contains medimn-gray to black chert. The limestone in the middle part is dolon1itie. The, shale ranges in color from medium light gray with a waxy luster to dark gray.
FERNV ALE LIMESTONE
Limestone probably representing the Fernvale Limestone of the Ozarks was penetrated by well 16. It is light gray, slightly dolomitic, and dense and contains scattered chert and a small amount of pyrite. This unit is 30 feet thiek.
CASON SHALE
A siltstone unit in well 16 is probably the Cason Shale of the Ozark Mountains. The siltstone is about 3 feet thick, light greenish gray, and very limy. w.
25 Stephens Production 0. Rinke L _________ 300 ft from NL and 800 ft from Co.
WL of SE~ sec. 6., T. 9 N., R.24W. 26 _____ do_----··-----------R. Cater L_ --------850ft north and 450ft east of center sec. 7, T. 9 N., R. 24 W. 27 _____ do.
Hardgrave L ____ 400ft from NL and 500ft from WL of SE~ sec. 5, T. 9 N., R.24W. center sec. 9, T. 9 N., R. 24 W. 36 Gulf Oil Corp ___________ Vola L------------20ft south and 535 ft west of center sec. 15, T. 9 N., R. 23 W.
37 Western Natural Gas Co.
C. H. Bryant L ____ 4,200 ft from NL and 3,800 ft from WL of sec. 19, T. 9 N., R.23W.
38 Gulf Oil Corp ___________ Excelsior L-------··-1,973 ft from NL and 3,232 ft from WL of sec. 30, T. 9 N., R.23W. 39 _____ do ___________________ ARECI C-L _______ 646ft from NL and 2,508 ft The Chattanooga Shale probably is beneath the surface of the area of this report, but it has not been penetrated by the wells drilled for gas. The Chattanooga and overlying rocks of Mississippian age were removed by faulting from the section in well16. The thickness of the Chattanooga in the mapped area. is probably 50-60 feet (Frezon and Glick, 1959, pl. 25) . It is 66 feet in a well ne'ar the south boundary of the Coal Hill quadrangle (Haley, 1961 , p. 4) and 28 feet in a well near the south boundary of the Hartman quadrangle (Haley, 1968) . Where penetrated by wells near the are•a, the Chattanooga consists mainly of grayish-black pyritic shale.
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MISSISSIPPIAN SYSTEM
The rocks of Mississippian age were not completely penetrated by the wells in the area of this report. On the basis of regional evidence, Frezon and Glick (1959, pl. 26) indicated that the totall\tlississippian section in this area is less than 600 feet thick. They suggested that these roc.ks in this area are transitional between dominantly limestone to the north and shale to the soTUth, and that these rocks thicken both northward and southward. The formations of the Th1ississippian System assu1ned to be present in this area are, in ascending order, the upper part of the Chattanooga Shale, the Boone Formation, the Moorefield Formation, the Ruddell Shale, the Batesville Sandstone, the Fayetteville Shale, and the Pitkin Limestone. These formations, if present, are probably different from their counterparts in the Ozark Mountains.
Six wells were drilled into rocks of Mississippian age-the Phillips Petroleum Co. South Clarksville 1 (wellS), in sec. 27, T.10 N., R. 24 W.; the J. M. Huber B. E. Cobb 1 (well28), in sec. 8, T. 9 N., R. 24 vV. These rocks were classified by use of composite interpretive logs for wells 8 and 48, and electric logs for wells 3, 5, 6, and 2H.
In well 8 the section is about 42 feet thick and is 30 percent limestone and 70 percent shale. The limestone is light to dark gray, argillaceous, very finely to very coarsely crystalline, and fossiliferous (pelecypods and crinoids) . The shale is dark gray, slightly silty, and limy in part. The section in well48 is about 216 feet thick and is 12 percent limestone and 88 percent siltstone and shale. The limestone is medium gray, argillaceous, dense to granular, and fossiliferous (crinoids and bryozoa) in part. The siltstone is medium to dark gray, limy, and very finely micaceous in part. Most of the shale is dark gray to grayish black, and some of it is silty, limy, micaeeous, and pyritic. The most c01nplete section in the area, interpreted from the electric log of well 3, is 264 feet thick and probably includes, in descending order, a limestone unit about 214 feet thick and a shale unit about 50 feet thick. The rocks of Mississippian age penetrated by wells 5, 6, and 28 are 65, 123, and 70 feet thick, respectively.
The interbedded limestone, shale, and siltstone of Mississippian age represented on the logs of these wells are probably correlative with the Pitkin Limestone and the underlying Fayetteville Shale. The sections from wells 8, 48, 5, 6, and 28 may be equivalent to parts of the Pitkin Limestone. The rocks exposed in well 3 1nay include the Pitkin Limestone and part of the Fayetteville Shale. No wells in the area of this report penetrated all the rocks of Mississippian age believed to be present in the subsurface. The Morrow Series in the ma.pped area is composed mainly of shale, sandstone, and siltstone, but it also includes limestone units. The thickness of the Morrow Series in this area, where measured, ranges from about 820 to a.bout 955 feet. Regional studies (E. E. Glick, written connnun., 1964) indicate that the thickness of the Morrow Series increases toward the south and southeast in the Arkansas Valley. The thicknesses of the Morrow Series in the area of this report generally correspond to those in the region as a whole.
The most complete stratigraphic sections of Morrow age are represented on the logs of the Arkansas Western Gas Co. R. Floyd 1 (well 5) and the Stephens, Inc. respectively, and tl1e sections are complete. In well 8 the rocks of Morrow age are faulted, and about 100 feet of section is missing. The section remaining, about 725 feet thick, consists of approximately 43 percent shale, 32 percent siltstone, 15 percent sandstone, and 10 percent limestone. The rocks of Morrow age in well 28 are unfaulted and are about 868 feet thick. In the Mabry well (well 48) the section is about 855 feet thick, and about 100 feet was removed by faulting. The rocks are composed of about 49 percent shale, 11 percent siltstone, 29 percent sandstone, and 11 percent limestone. The Ragon well (well 42) probably failed to completely penetrate the rocks of Morrow age by 10-100 feet. There the section is not faulted, it is 801 feet thick, and it consists of about 24 percent shale, 7 percent siltstone, 67 percent sandstone, and 2 percent limestone.
The stratigraphic units of the Morrow Series in this area are not uniform in either thickness or lithology. In the Altus and Coal Hill gas fields several lithologic units within the Morrow are distinctive enough to be recognized on the electric logs of the closely spaced gas wells. However, these lithologic units cannot be identified with certainty in wells in other parts of the area of this report. The dissimilarity of the sections in the area probably results from facies changes and from channeling associated with unconformities at the top of and within the Morrow Series. The sandstone units in the Ragon well (well 42), distinctive in abundance and thickness, may grade laterally into other lithologies in other wells and represent a change in the environment of deposition, or they may be locally thicker equivalents of sandstones 'in other wells and represent a deeper part of a standstone-filled channel.
CANE HILL MEMBER oF HALE FoRMATION
Rocks in the lower part of the Morrow Series, correlative with the Cane Hill Member of the Ozark Mountains, were penetrated by wells 5, 6, 8, 28, 42, and 48, but they are missing from well 16 because of faulting. The Cane Hill Me1nber in these wells consists of shale, siltstone, sandstone, and limestone and ranges in thickness from about 275 to about 340 feet. The thickness of the Cane Hill is about 285 feet in well 5, about 275 feet in well 6, about 330 feet in well 28, and about 340 feet in well 48. In well 8 the Morrow Series is faulted, and in well 42 the base of the Cane Hill is below the bottom of the well.
The lithology of these rocks, where penetrated by wells 8, 42, and 48, is depicted on plate 2. The Cane Hill Member in well 48 is 70 percent dark-gray to grayishblack shale, 15 percent light-to medium-gray slightly limy siltstone, and 15 percent light-gray slightly limy very fine grained sandstone. The part of the Cane Hill 014 GEOLOGY OF THE cARKANSAS VALLEY COAL FIELD in well 8 consists of 1nedium-light gray to 1nedium-I dark-gray very finely sandy slightly limy siltstone, darkgray slightly silty shale, and light-to dark-gray very finely sandy finely to very coarsely crystalline limestone. The Cane Hill in well 42 consists of medium-to dark-gray siltstone that is in part slightly limy, and dark-gray shale. The drill cuttings from wells 5, 6, and 28 were not examined.
PRAIRIE GROVE MEMBER OF HALE FORMATION AND BLOYD
The Prairie Grove and Bloyd unit in the mapped area commonly consists of a thick basal sandstone overlain by interbedded shale, siltstone, sandstone, and limestone. The lithology of the Prairie Grove and Bloyd in wells 8, 42, and 48 is depicted on plate 2. Where penetrated by well 42 the unit is 21 percent dark-gray shale, commonly silty and micaceous; 5 percent medium-gray very finely sandy or argillaceous micaceous siltstone; 71 percent light-gray very fine to fine-grained sandstone that contains medium to coarse sand grains in part and is silty, limy, and quartzose in part; and 3 percent light-to medium-gray, dense to granular limestone that is very finely sandy in places. The percentage of sandstone in the unit in this well is probably unusually large. The part of the Prairie Grove and Bloyd unit in well 8 is composed of dark-gray silty shale; light-gray to medium-dark-gray siltstone that is limy in part and very finely sandy in part; lightgray to medium-dark-gray limy very fine to fine-grained sandstone that is silty in places; light-gray to mediumdark-gray limy, fine-to medium-grained sandstone containing scattered coarse ·and very coarse grains; and light-gray to medium-dark-gray slightly very finely to finely sandy, dense to very coarsely crystalline limestone. In well48 the unit is generally composed of darkgray very finely micaceous shale; light-to mediumgray very finely mica.ceous siltstone, argillaceous in part and slightly li1ny in part; very light to light-gray limy very fine to fine-grained sandstone; and light-to darkgray sandy dense to granular limestone.
ATOKA SERIES, ATOKA FORMATION'
The rocks of the Atoka Series in A.r kansas constitute the Atoka Formation. The ... t\.toka Formation is separated frmn the overlying Hartshorne Sandstone by a disconformity and from the underlying Bloyd Formation by an unconformity. The top of the Atoka Formation was traced into the area of this report by surface mapping from the adjacent Knoxville quadrangle to the east (Merewether, 1967) . The base of the formation in the subsurface is generally the base of the first sandstone above rocks typical of the Morrow Series. Identification of the base is commonly aided by the presence of a distinctive thin bed of bentonite, generally less than 80 feet above the basal sandstone of the Atoka (Frezon and Schultz, 1961) .
The Atoka Formation in the mapped area is composed mostly of shale, siltstone, and sandstone. It ranges in ·thickness from about 4,400 feet at the northwest corner of the area, to . about 7,000 feet, at the southeast corner of the area.
Rocks of the Atoka Formation are exposed along the east and north boundaries and in the northwestern part of the area. Smne of the Atoka was penetrated by all of the 51 wells in the area, and the base of the formation was probably reached in 37 of them. The Atoka Formation is mainly shale, siltstone, and sandstone, but it includes a few thin beds of coal, limestone, and bentonite. Stratigraphic units within the Atoka generally are not consistent in either 'thickness or composition throughout this area. Representative variations in the lithology and thickness are depicted on plate 2. The shale is medium gray to grayish black and is commonly silty and micaceous. The siltstone is 1nostly light gray to dark gray, argillaceous to quartzose and sandy, and generally micaceous and well indurated. Most of the sandstone is very light gray to medium dark gray, very fine to fine grained, and silty; a small percentage is medium-grained and contains scattered coarse to very coarse grains. The sand grains COAL HILL, HARTMAN, AND CLARKSVILLE QUADRANGLES, JOHNSON OOUNTY, ,ARK.
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are subangular to rounded; the medium and coarse grains are the most rounded. The sandstones are quartzose in part and argillaceous in part, and most are well indurated. Pyrite is a con1mon accessory mineral in the Atoka, and iron-rich concretions and fossil plant fragments are scattered through the formation. A few beds of clastic rocks are slightly limy; calcium carbonate is most common in the coarse-grained sandstones. Limestone makes up less than 1 percent of the Atoka and occurs a-s thin and probably lenticular beds. The limestones are medium gray to mediun1 dark gray, dense to coarsely crystalline, cormnonly slightly sandy, and slightly fossiliferous. In the area of this report the Atoka includes at least two thin beds of bentonite. The two beds are widespread, and each generally occurs near a correlative unit in the formation. The lower of the two ranges from about 80 to about 270 feet above the base of the Atoka, and the upper, from about 670 to about 1,050 feet above the base. The bentonite is mainly very light gray to greenish gray and soft and flaky and has a waxy or pearly luster; it commonly contains very fine dolomite crystals.
The thickness of the Atoka ranges from 4,493 feet in well 1, near the northwest corner of the area, to 6,605 feet in well44, in the southeastern part of the area. The thickness of the Atoka For1nation in the Coal Hill, Hartman, and Clarksville quadrangles and adjacent 1112-minute quadrangles to the east and south is summarized in figure 2. The formation, where penetrated by welll (pl. 1), is 48 percent shale, 32 percent siltstone, and 20 percent sandstone. In well 20 the Atoka is about 5,095 feet thick and is 41 percent shale, 42 percent siltstone, and 17 percent sandstone. In well 16 it is 5,995 feet thick and is 48 percent shale, 33 percent siltstone, and 19 percent sandstone. In well 48 the formation is probably about 6,540 feet thick, including 520 feet of section removed by faulting, and, excluding the missing section, is 54 percent shale, 27 percent siltstone, and 19 percent sandstone. In well 43 the Atoka is approximately 6,585 feet thick, including 790 feet of section removed by faulting, and, excluding the missing section, is 51 percent shale, 28 percent siltstone, and 21 percent sandstone.
In the report area the Atoka Formation can be divided, very generally, into three parts. The lower part, about 700-1,000 feet thick, extends from the base of the formation to the uppermost of the two common bentonite beds or, where the bentonite is missing, to an equivalent position on the log. The middle part of the Atoka, about 1,800-2,600 feet thick, extends from the upper bentonite bed to approximate depths of 1,470 feet in welll, 2,017 feet in well 14, 2,762 feet in well16, 3,210 feet below the Hartshorne in the Scranton gas field, 
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The best exposures of the thick sandstone in the Atoka are near the tops of the ridges in the SW% sec. 30, T.10 N., R. 22 W., and in the NE% sec. 36, T. 10 N., R. 23 W. The exposed shale is generally dark gray but weathers grayish orange, is very finely micaceous, and is generally in beds less than 1 inch thick commonly in units as much as 35 feet thick. Most of the shale is in thick homogeneous units, but units of interbedded thin ripple-marked siltstone or sandstone and shale are common. The exposed siltstone is mainly medium to medium dark gray and weathers yellowish orange; it is argillaceous to slightly sandy, and micaceous. The siltstone is generally in beds about 1-6 inches thick, and it 1nay be interlamina1ted with shale or rt may be in units as much as 20 feet thick. Units of siltstone are medium to thin bedded and evenly to unevenly bedded and commonly display ripple marks on the bedding surfaces. The exposed sandstone is very light gray to medium gray, and where weathered it is yellowish gray, orange gray, reddish gray, and brownish gray. The sandstone is generally very fine to fine grained, silty, and n1icaceous, but the thickest units are commonly fine grained with scattered medium grains. Units composed predominantly of sandstone are as much as 70 feet thick. The sandstone is thin bedded to massive, is evenly to unevenly bedded, and may be lenticular. The sandstone in the thick beds tends to be coarser grained than that in the thin beds. Much of the unevenly bedded sandstone is foreset bedded, and the rest has ripple-marked surfaces. Some of the lower contacts of the sandstone beds are gradational but others are sharp. The sharp lower contact of 1nany beds outlines channels and intersects the bedding of the underlying units.
Zone S, depicted on plate 2 in the middle of the Atoka, includes in most places a sandstone unit and an underlying shale unit. The two units are intergradational. The grain size of these rocks, in general, decreases from the top to the bottom of the zone. Zone S crops out in the Boston Mountains, a few miles to the north (Glick, Haley, and Merewether, unpub. data) but is not exposed in the area of this report. The zone has been penetrated by most of the wells in the area and is correlative throughout the area. The sandstone unit in zone S of this report is probably continuous with the sandstone unit of zone S in the Knoxville quadrangle (Merewether, 1967). Zone S of this report, in contrast with Zone S of the Knoxville quadrangle, includes the shale unit underlying the sandstone unit. The base of zone S was redefined in this area because the sandstone unit grades into the shale unit, and the base of the shale is a distinctive and widespread horizon. The sandstone in zone S is probably continuous with the Self sandstone of local usage, as used by the Fort Smith Geological Society Stratigraphic Committee (1960), but is not continuous with the Tackett sandstone of local usage of that committee as indicated by Merewether ( 1967) . The Tackett sandstone, where penetrated by the Gulf Oil Corp. W. H. Tackett 1 well in the Knoxville quadrangle to the east, is about 700 feet above the Self sandstone.
The sandstone of zone C, exposed in the northeastern part of the area of this report (sec. 30, T. 10 N., R. 22 W., and sees. 25 and 36, T. 10 N., R. 23 W.), is a good example of the thick units of sandstone in the upper part of the Atoka. Zone C is easily recognized and is widespread in quadrangles east of the area (Merewether, 1967) , but it cannot be identified with certainty on the surface westward across the report area. Some wells in the Spadra gas field, in the central part of the Clarksville quadrangle, have penetrated a thick sandstone unit correlative with zone C and, using electric logs, this interval can be traced westward in the subsurface to the Alix gas field. Between the Spadra and Scranton gas fields zone C changes from sandstone and siltstone with scattered thinner beds of shale to shale with scattered thinner beds of siltstone and a few subordinate beds of silty sandstone. Where exposed the sandstones in zone C are generally light gray to light brownish gray; they weather to shades of reddish or yellowish gray. They are generally very fine to fine grained but contain scattered medium grains where massive and are mediun1 bedded to massive and regularly to irregularly bedded with foreset bedding. The zone is as much as 70 feet thick and includes thick beds in channels, the fossilized limbs or roots of plants, and several discontinuous stringers of coal within 3 feet of its base.
Invertebrate fossils were not found in the part of the Atoka Formation exposed in the area, but a few were found in samples of drill cuttings from several of the wells. The invertebrate fossils in the Atoka are pelecypods, gastropods, cephalopods, ostracodes, bryozoans, crinoids, and brachiopods. These fossils apparently are not restricted to any part of the Atoka or to any rock type, but the greatest number and variety are in shale. The fossils are slightly more common in two parts of the formation: the lower 1,000 feet of the Atoka Formation includes scattered fossils in about half of the wells, and a zone of dark-gray shale and limy siltstone and sandstone in the upper part of the formation contains fossils in slightly more than half of the wells. Fossils in this part of the Atoka were penetrated in well 8 at a depth of 1,415 feet, in well16 at 1,760 feet, in well 20 at 1,426 and 1,470 feet, in well 48 between 2,945 and 3,100 feet, and in well 34, in the Spadra gas field, between 2,000 and 2,100 feet. Fossils were also found in several other wells in the Spadra gas field.
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Plant fossils are also preserved in rocks of the Atoka Formation. Casts of limbs or roots were found in a sandstone in the SW1;4 sec. 30, T.10 N., R. 22 W., and smaller parts of fossil plants were found in drill cuttings. The fossils in the drill cuttings occur mostly in dark-gray shales in the upper half of the Atoka.
Coal, mostly in thin and probably lenticular beds, composes less than1 percent of the Atoka and is largely confined to the upper part of the formation. Coal was found in a few samples from most wells, but none of the beds persist throughout the area. The most widespread coal is at a depth of 976 feet in wellS, 668 feet in well14, 1,167 feet in well16, 2,297 feet in well 48, 2,177 feet in well46, and 1,267 feet in well39, which is in the Spadra gas field. Coal was also penetrated in three other wells in the Spadra gas field. Coal in the Atoka Formation is exposed in three parts of the area. In the SW!4 sec. 30, T. 10 N., R. 22 W., in the northeastern part of the Clarksville quadrangle, stringers of coal crop out within a sandstone unit. Another coal, about 4 inches thick, is exposed in the NE1;4 sec. 27, T. 10 N., R. 24 W., near the middle of the north border of the area. The thickest coal of the Atoka exposed in the area crops out at several places in and near sees. 3 and 4, T. 9 N., R. 25 W., and is 6-9 inches thick. The coal penetrated by well20 at a depth of 387 feet may be the coal that crops out in the northwestern part of the area.
DES MOINES SERIES, KREBS GROUP
The Krebs Group eonsists of, from oldest to yom1gest, the Hartshorne Sandstone and the McAlester, Savanna, and Boggy Formations. The upper part of the Savanna Formation and all of the Boggy Formation do not oeeur in the area of this report, but the other units of the Krebs Group constitute most of the exposed rocks of Pennsylvanian age. The boundaries of these fonnations were rna pped into this area from the l{noxville quadrangle to the east (Merewether, 1967 ) and the Paris, Scranton, and New Blaine quadrangles to the south (Haley, 1961 (Haley, , 1968 . Many rocks of the Krebs Group and the upper part of the underlying Atoka Formation are so similar in this area that differentiation is difficult. The widespread Lower Hartshorne coal bed, near the base of the McAlester Formation, and the distinctive basal sandstone of the Savanna Formation are the most easily recognized units. The Hartshorne Sandstone is well exposed at many places in the area of this report. Good outerops occur along the rim of the large 1nesa in sees. 34 and 35, T. 10 N., R. 26 W., sees. 1, 2, 3, 10, 11, 12, T. 9 N., R. 26 W., and sec. 7, T. 9 N., R. 25 W., in the northwestern part of the area, along the rim of the large n1esa northwest of the town of Hartman, in the vicinity of well 7 near the 1niddle of the north boundary of the area, and along the erest of the ridge in sees. 26 and 35, T. 10 N., R. 23 W. The apparently great resistance of the Hartshorne Sandstone to erosion results in antielinal ridges, as along the Union City antieline, and synclinal depressions, as along the Pond Creek Hills syncline, where the Hartshorne constitutes the surface in large areas. The Hartshorne has been penetrated by many of the wells and shallow holes in the three quadrangles and is one of the few beds that ean be correlated between surface exposures and well logs with certainty. Drill cuttings from nine of the wells and nine of the shallow holes penetrating the Hartshon1e were examined. The wells are numbers 1, 16, 32, 34, 37, 39, 43, 46, and 48. The shallow holes are numbers 2, 21, 95, 100, 123, 132, 137, and 150. The stratigraphic horizon used for the structure contour lines on plate 3 is the base of the Hartshorne Sandstone.
The Hartshorne Sandstone in most places eonsists of sandstone inter layered with scattered thin beds of shale, but in a few places it consists mainly of siltstone. The sandstone is generally very light gray to medium gray and, where weathered, is pinkish gray, pale reddish brown, light olive gray, and medium brownish gray. The sand is generally very fine to fine grained and is commonly mixed with silt. The sandstone in the Hartshorne is commonly micaceous and ineludes chert grains, pyrite, iron-rieh and limy concretions, fossil ,plant impressions, and coal stringers in a few areas. The sandstone is generally well indurated and rarely slightly limy. The siltstone of the Hartshorne is mostly light to 1nedium gray and micaceous and contains very fine sand; it is rarely medimn to dark gray, argillaceous, and micaceous. In a few places it contains scattered plant fossils. The shale in the Hartshorne is dark gray, 1nicaceous, and, in plaees, silty.
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The Hartshorne is thin bedded to 1nassive, regularly to irregularly bedded, and lenticular in places. Crossbedding, foreset bedding, and ripple marks are conlInon. The base of the formation is generally sharp and, in many places, is irregular, outlining channels that intersect the bedding of the underlying units. The sandstone in the channels, at some locaJ.ities, contains scattered shale pebbles and irregular stringers of shale. The lower surface of the lowest sandstone bed in the fm'lnation has current flow casts at several places.
MCLESTER FORMATION
The McAlester Formation conformably overlies the I-Iartshorne Sandstone and is overlain by the Savanna Formation. The McAlester and Savanna Formations are generally conformable but are separated locally by a disconformity.
The McAlester is mostly shale but includes sitlstone, sandstone, and coal. Measured thicknesses of the formation in the mapped area range from about 560 feet to about 670 feet.
The McAlester Formation is 'videly distributed at the surface through the central part of the area but is not generally well exposed. The part of the McAlester that cr~ps out consists mainly of shale and thin beds of siltstone and sandstone, usually forms valleys and low ridges, and is cmnmonly partly covered with alluvium and terrace deposits. Most of the format.ion crops out in scattered areas near Jamestown, south of Clarksville. The lower part of the McAlester is well exposed in the strip mines south of Coal Hill, east and northeast of Hartman, and west and northeast of Clarksville. Rocks of the McAlester wm~ penetrated by several of the wells and 1nany of the shallow holes in the area.
The McAlester Formation is composed mainly of shale, but contains s1naller amounts of siltstone and sandstone and a few coal beds. The shale is medium gray to grayish black, but generally it is dark gray; it is commonly silty and micaceous and in many places contains scattered pyrite crystals and plant fossils. Invertebrate fossils are sparse. The siltstone is light gray to dark gray, but it is most cmnmonly medium gray. Most of rthe siltstone is micaceous. It ranges in composition from argillaceous to very finely sandy, and some is slightly limy. In a few places it contains scattered phosphatic pellets and plant fossils. The siltstone is commonly well indurated. The sandstone of the McAlester is generally light to medium gray and weathers yellowish gray, grayish red, or brownish gray; it is very fine grained, silty, micaceous, and well indurated. It is argillaceous in part and limy in part and includes plant and invertebrate fossils in a few places. Coal, mainly in thin lenticular beds, is scattered through the In 'veil 43, in the southern part of the Clarksville quadrangle, the fonnation is 560 feet thick and is nearly 91 percent shale, 7 percent silstone, 2 percent sandstone, and less than 0.5 percent coal. The McAlester in shallow hole 23, about 1 1f2 miles northwest of well 43, is 606 feet thick and is nearly 92 percent shale, 5 percent siltstone, 3 percent sandstone, and less than 0.5 percent coal. The 1\fcAlester, where penetrated by shallow hole 171 in sec. 28, T. 9 N., R. 24 W., is 617 feet thick and is nearly 87 percent shale, 12 percent siltstone 5 less than 0.5 percent sandstone, and about 1 percent coal. The formation in the south-central part of the area where penetrated by well 48 is 633 feet thick and is nearly 82 percent shale, 6 percent siltstone, 12 percent sandstone, and less than 0.5 pereent coal.
The shale of the McAlester is in beds as much as one-fourth-inch thick and in units as mueh as 300 feet thiek. The shale may be in units a few feet thick and interbedded with siltstone. The siltstone is in beds as much as 6 inches thick and in units as much as 55 feet thick. In the units of interbedded siltstone and shale, the beds of siltstone are as much as 6 inches thick. The siltstone is generally irregularly bedded and is partly crossbedded and partly ripple marked. The sandstone of the McAlester Formation is in beds as much as 4 feet thick, in units as much as 25 feet thick, and is generally irregularly bedded. Crossbedding, foreset bedding, ripple-marked bedding surfaces, and sediment-flow and slump features oceur in these sandstones. The lower contact of the sandstone units is generally sharp and in a few places outlines channels. The lower surface of sandstone units rarely has current flow casts. The sandstone units of the McAlester are not consistent in either lithology or thickness in this area but grade laterally into siltstones or are lenticular. A few beds of underclay, as much as 5 inches thick, crop out in sec. 15, T. 9 N., R. 23. W. The underclay is very light to mediun1 gray and underlies coal and carbonaeeous shale.
Inverteb~ate fossils are not abundant in the McAlester but have been found in drill cuttings and outerops. Dark-gray shale apparently is the most fossili~ ferous rock tyrpe, and it eontains crinoids, brachiopods, pelecypods, and ostracodes. Some of .the siltstone contains casts of borings created by bottom-dwelling organisms. Invertebrate fossils occur sparsely in sand-C19 stone of t~e McAlester; however, in sec. 9, T. 9 N., R. 24 W., a weathered iron-rich sandstone contains crinoids, brachiopods, horn corals, pelecypods, gastropods, and trilobites. Mackenzie Gordon, Jr., of the U.S. Geological Survey, examined these fossils and identified the following forms: Lophophyllidium ~p., zaphrentoid coral, crinoid columnals, Derbyia ' Poorly preserved or incmnplete plant fossils are scattered through much of the shale, siltstone, and sandstone of the McAlester. Abundant well-preserved plant fossils, mainly leaves and parts of ferns, are common in the lmvest part of the formation, above and between the two benches of the Lower Hartshorne coal heel. These fossils are generally well e~posed in the waste piles of strip n1ines and occur in the shale and siltstone that overlie or separate the Hartshorne coals. One of the best fossil localities is the strip mine in the SE~ sec. 35, T. 10 N., R. :24 W. Rocks of the McAlester rarely contain the larger parts of fossil trees, but the cast of a log was found in a strip n1ine in the Slj 2 sec. 3, T. 9 N., R. 24 W.
The Lower Hartshorne coal of the McAlester Formation is the thickest and most widespread coal bed in the area of this report. However, it has been removed by erosion from the ap 1 proximate north half of the Coal Hill quadrangle, from a large part of the north half of the Hartman quadrangle, ·and from areas in the northeast and southeast quarters of the Clarksville quad:cangle. The Lower Hartshorne coal is 21j 2 -19 feet above the top of the Hartshorne Sandstone and is separa;ted into two benches, commonly of about the same thickness, by a parting of shale or siltstone. The total thickness of the two benches of coal ranges from less than 14 inches, along the south boundary of the Coal Hill quadrangle, to 64 inches, near the south boundary of the Hartman quadrangle in sec. 5, T. 8 N., R. 24 W. The total thickness of the two benches in the extensively mined areas (pl. 3) is about 32-63 inches. The thickness of the parting, which ranges from about 1 inch to about 20 feet but is less than 12 inches in much of the coal-bearing area, apparently changes r~pidly and .without uniformity in either rate or direction of thickening, at least in the approximate south half of the report area. In the north half of the report area the ,parting is generally thicker ; it is 20 feet thick near the north boundary of the Hartman and Clarksville quadrangles. vVhere the parting is several feet thick, the up 1 per bench of coal in some places has not been 1nined and in othe·r places it has been discarded. The coal thickness lines on plate 3 represent only the lower bench where the upper bench has not been utilized. Other coal beds in the McAlester Forn1ation do not exceed 8 inches in thickness, where e~posed, and are probably discontinuous in the 1napped area.
Two samples of shale from the lower :part of the McAlester F01~mation were analyzed for clay .minerals, carbon, and selected trace elements (table 4) .as part of an investigation of depositional environments. 4. Dark-gray shale from first 6 in. of rock overlying the Lower Hartshorne coal bed; contains fossil plant fragments 0.1-2.5 in. long. 5. Medium-gray shale from exposure about 12 in. below the Lower Hartshorne coal bed; contains abundant fossil plant fragments.
SAVANNA FORMATION
The Savanna Formation overlies and, in general, is conformable with the McAlester Formation. However, C20 GEOLOGY OF THE ARKANSAS VALLEY COAL FIELD the two formations a.re separated by a local disconforinity where the basal unit of the Savanna fills channels in the underlying rocks of the McAlester. In mapping, where the lowest sandstone bed of the Savanna lenses out, the base of the nearest overlying bed of sandstone is selected as the base of the formation. This interfingering of the two fonnations is probably common.
The lower part of the Savanna Formation has been penetrated by wells and shallow holes, and it crops out in the southern and eastern pa.rts of the Inapped area. The upper part of the Sa.vanna and the overlying Boggy Fonnation have been removed by erosion. The best exposures of the rocks of 1 the Savanna are on Tick Hill, south of the community of Montana, on Regan Mountain, in the southeastern part of the area, and on the ridges and butJtes east of Clarksville and Jamestown.
The greate,st measured thickness of the Savanna Formation in the mapped area is 333 feet, in shallow hole 190 on Tick Hill in sec. 28, T. 9 N., R. 24 W. In other parts of the Inapped area the Savanna is probably less than 250 feet thick. \Vhere the Savanna is overlain by the Boggy Formation, near the west boundary of the Paris quadrangle to the southwest, it is about 2,200 feet thick (Haley, 1961, p. 8) .
The Savanna Fonna.tion, where Inost complete, consists mainly of shale, but it also contains siltstone, sandstone, several thin beds of coal, and very sparse limestone and nonbedded claystone. Most of the sandstone and siltstone units are not lithologically unifonn and do not persist throughout the area.
The shale is mediun1 gray to grayish black, but generally irt is dark gray. It is commonly silty and Inicaceous and sparsely coaly to carbonaceous; in many places it contains pyrite, limy and iron-rich concretions, and plant fossils. The shale is in beds as much as one-fourth inch thick and in units as much as 81 feet thick; it comprises both uninterrupted thick units and thin units interbedded with siltstone and sandstone.
The siltSitone in the Savanna Formation is mostly medium gray and micaceous, but it. ranges from medium light gray to clark gray, and it is, in part, argillaeeous, very finely sandy, and s1ightly limy. The siltstone is in beds as mueh as several inches thick and jn m1its as much as 51 feet thick. It is generally thin bedded and cmnmonly irregularly bedded; in a fe\v places it is cross bedded.
The sandstone in the Savanna Formation is generally light to medium gray and weathers brownish gray and pinkish gray; it is very fine rto fine grained, silty, and Inicaceous, and in places it contains Inedimn sand grains and is slightly limy. The sandstone is commonly well indurated, and locally it contains plant fossils, shale pebble.s, fine grains of chert, and grains of glauconite.
The sandstone is thin bedded to n1assive and is in units as much a:S 90 feet thick. I~t is regularly to irregularly bedded and is, in part, crossbedcled, foreset bedded, convolute bedded, and ripple marked. Slump structures are sparse. The lower boundaries of the sandstone units are cmnmonly sharp and uneven, and they outline channe1s in several places. These sandstone units locally contain shale pebbles and stringers of coal and shale, and at a few exposures current-flow casts are on the lower bedding surface.
Coal, which probably composes less than 1 percent of the Savanna, occurs ~in many parts of the stratigraphic. sec.tion. The coal beds are as much as 10 inches thick, and most of them probably lens out within a fe,w n1iles, but a few may extend throughout the approximate eaSit half of the a.rea.
The basal unit of the Savanna is the most distinctive part of the formation in this area, and it has several characteristics in common with the Hartshorne Sandstone. It is well exposed near the crest of Big Danger Hill in sees. 15 and 16, T. 9 N., R. 23 W., at the west end of the ridge in SE:Ih sec. 26, T. 9 N., R. 23 W., and was penetrated by many of ~the wells and shallow holes in the three quadrangles. The unit consists of interbedded sandstone, siltstone, and shale; the beds are not la;terally uniform in lithology and thickness. The lithology of the basal unit ranges from mostly shale, in shallow holes 182 and 188, to mostly fine-to medium-grained sandstone, on Big Danger Hill. The thickness of the unit ranges from about 15 to about 90 feet. Few characteristics of the basal lmit persist throughout the report area; however, a coal bed or a bed containing abundant plant fossils is commonly present a few feet above the top of the basal unit, and in several places the lower part of the unit contains invertebrate fossils and glauconite. One widespread thOIUgh not universal characteristic of the unit is the sharp lower contact. Where exposed, mainly in the eastern one-third of the area, the base of the unit is an irregular surface, with current flow casts in a few places, and it outlines channels in the underlying rocks. A lense of conglomerate filling the lower part of one of these channels (SE1) 1 sec. 26, T. 9 N., R. 23 W.) is about 15 feet wide and as much as 1 foot thick. The conglomerate consists of pebbles of well-indurated shale and sandstone in a matrix of very fine to fine sand. The well-rounded pebbles of shale are as much as 3 inches long. In the area of outcrop the lower part of the unit conta,ins scattered coal and shale stringers and shale pebbles and is commonly irregularly bedded. The rocks of the unit are, in part, regula.rly bedded, foreset bedded, crossbedcled, and ripple marked. Invertebrate fossils are rare in the Savanna Formation of this area. A few ostracodes, brachiopods, and COAL HILL, HARTMAN, AND CLARKSIVILLE QUADRANGLES, JOHNSON OOUNTY, ARK.
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fragments of crinoids are in san1ples of drill cuttings, and a fossiliferous sandstone crops out near Clarksville in the Nlf2SE~ sec. 3, T. 9 N., R. 23 W. The sandstone is very fine grained, weathered, iron rich, and it contains crinoids, gastropods, and probably brachiopods. A fossil locality in the Hartman quadrangle was described by Girty (Collier, 1907, p. 32 ). The fossils listed by Girty were collected on the south side of Tick Hill, probably from the Savanna Fonnation, in see. 29, T. 9 N., R. 24 W., and include the following: Crania? sp. A viculipecten tohitei, A 'oiculipecten sp., Led a? sp., Pleurophorrns oblong?.tS, N aticopsis nana, LVaticopsls sp., Pleurotornaria.'? sp., lJfurchisonia? sp., and Ostracoda. The fossiliferous rocks in the Savam1a of the report area are probably all less than 150 feet above the base of the formation.
Plant fossils are common in the rocks of the Savanna Formation but generally occur as scattered fragments. A fossil of special interest is near the top of a cliff of sandstone in the NE~SW~ sec. 28, T. 9 N., R. 24 "\V. The fossil is apparently the cast of the trunk of a tree, in a vertical position, and is about 10~~ feet long, about 2 by 3 feet across near the base, and about 1¥2 feet in diameter near the top. The fossil tapers at a greater rate near the middle of its length, and its outer surface consists of a series of s1nall horizontal grooves and ridges. R. M. l{osanke of the U.S. Geological Survey stated (oral commun., 1965) that the plant was probably a tree fern, or possibly a lycopsid, with some of the outer layers removed. The plant lived in a damp continental environment, in or near fresh or mildly brackish water. This specimen is in the position of life, and was apparently rooted in and later surrounded by very fine sand. The enclosing sandstone unit is as much as 40 feet thick, is evenly to unevenly bedded, is thin bedded to massive, and has an irregularly channeled lower boundary. The sandstone unit generally overlies a coal bed as much as 3lf2 inches thick. This sequence of rocks probably represents a changing depositional environment. The swa1np, or similar area, in which the coal originated was buried by sand on which continental plants grew. As these plants died some were buried by additional sand before they disintegrated. The sand was later covered by clay and silt.
QUATERNARY SYSTEM TERRACE DEPOSITS
Alluvium has been deposited on two terrace levels by the Arkansas River and on at least two terrace levels by many of the smaller streams in the area. The terrace deposits of the Arkansas River consist of clay, silt, and sand, ~and pebbles and cobbles of siltstone, sandstone, chert, and quartz. Part of the alluvium deposited by the Arkansas River originated in or near the area of this report, but the chert and quartz pebbles and cobbles were derived from a distant source. The alluvimn capping Regan Mountain is on the older river terrace level, and the deposit in sec. 3, T. 8 N., R. 23 W. is on the younger river terrace level. The terrace deposits of the streams in the area are cmnposed of clay, silt, and sand, and pebbles, cobbles, and boulders of shale, siltstone, and sandstone. Part of the west side of the town of Clarksville rests on one of the older stream terraces. The youngest stream terraces are generally small, scattered along the present drainages, and only a few feet above the top of the Recent alluvium. The stream deposits are differentiated from the river deposits partly on the basis of the chert and quartz pebbles and cobbles transported by the river. However, several alluvial deposits in the area may have been reworked and their origin is doubtful. The terrace deposits near Montana, in the center of the Hartman quadrangle, may have been reworked. The oldest river terrace deposits and one of the older stream terrace deposits are probably equivalent to the Gerty Sand of Pleistocene age in Oklahoma (Miser, 1954) .
ALLUVIUM
The alluvium deposited by the Arkansas River is mainly clay, silt, and sand, but also includes scattered granules, pebbles, and cobbles of siltstone, sandstone, chert, and quartz from local tributary streams or terrace deposits. The alluvium deposited by the smaller streams consists of clay, silt, and sand, and includes a larger percentage of granules, pebbles, and cobbles of siltstone and sandstone.
STRUCTURE
The Coal Hill, Hartman, and Clarksville quadrangles are in the western part and near the north boundary of the Arkansas Valley section of the Ouachita province, near the adjoining Ozark Plateaus province ( fig. 1 ). The structure of the rocks in the three quadrangles consists of generally east-trending discontinuous folds and normal faults (pls. 3 and 4). The synclines and anticlines have gently irregularly curved axes and are symmetrical in cross section; the dips on the flanks are small. Most of the fault planes dip either north or south, and the surface traces of the faults are also irregularly curved. The structural relief in the area is approximately 1,600 feet, as measured on the base of the Hartshorne Sandstone from the axis of the Ouita syncline, in the south-central part of the area, to the upthrown block of the Clarksville fault in the northeastern part of the area.
SYNCLINES
The largest synclines are the Pond Creek Hills syncline, in the western part of the area, and the Spadra C22 GEOLOGY OF THE ARKANSAS V AL,LEY COAL FIELD and Clarksville synclines, in the eastern part of the area. Parts of other major synclines-the Webb City, Denning, and Ouita-extend into the area, and a s1naller syncline, the Hogskin Creek syncline, is in the northcentral part of the area.
ANTICLINES
The major anticlines are the Possum Walk and Coal Hill anticlines, in the western part of the area, and the Knoxville anticline in the southeastern part of the area. Several other anticlines terminate within the area; the Ozark anticline, the Altus anticline, and an unnamed anticline terminate near the west border, and the Pryor and Dover anticlines, near the northeast corner. The Union City anticline, near the center of the area, Is smaller but is economically important.
FAULTS
Faults are common in all parts of the area but seem to be more abundant along the flood plain of the Arkansas River. The faults are normal, and most of the fault planes dip southward. In this report, the term "displacement" is used for the stratigraphic throw. The amount of movement measured along the fault plane is greater than the amount of stratigraphic throw. A fault may be isolated or it may be part of a system of faults; most faults of large displacement are joined by one or more faults of lesser displacement. In this report the northdipping fault planes are generally interpreted as terminating in the subsurface against the first southdipping fault plane intersected.
The fault planes exposed in the area clip 44°-80°; however, fault planes interpreted to extend from the surface to a well or between wells generally dip 35°--45°. The contrast between the dip angles measured at the surface and the dip angles determined for the subsurface has several possible explanations. The exposed faults com1nonly have small displacements, and the dips of their fault planes may not be identical with the dips of the planes of the larger faults. It is also possible that the fault planes, in cross section, are curved or irregularly curved and have an average dip of 35°--45°. If the fault planes, in cross section, are curved or irregularly curved, their clip at the outcrop would generally differ from their dip in the subsurface.
The vertical displacement of some of the larger faults appears to be less at the surface than in the subsnrfaee. For example, the vertical displacement of the southdipping Coal Hill fault at the surface in the Nlj 2 sec. 23, T. 9 N., R. 26 W., is probably 600-630 feet. In well15, about 1,000 foot south of the surface trace of the fault in the same area, the displacement is 670-720 feet. The total displacement of the two branches of the Coal Hill fault at the surface in the Nlf2 sec. 24, T. 9 N., R. 26 W., at the place along the surface trace nearest well 16, is about 675 feet. The displacement of the fault in well16, about 6,500-7,500 feet south of the surface trace, is about 1,100 feet. The difference in these amounts of displacement, for the Coal Hill fault and other faults in the report area, may be a result of recurrent movement along the fault during deposition, or of the downward addition of th~ displacements of intersecting lesser faults. If other faults are causing the increase in displacement with depth, they should perhaps be more commonly exposed near the surface traee of the larger fault.
Two faults were intersected by wells but were not 1napped at the surface. could be a projection of the fault mapped in the N1;2 sec. 10, T. 9 N., R. 24 W. However, the fault in sec. 10 probably dips towa,rd the south, although the evidence supporting this interpretat~on is not conclusive. Beeause displacement across many of the faults in the mapped area seems to decrease upward in the subsurface, these two faults may not extend to the surface. If they intersect the surface, the displaomnents are probably very small. The direction of the dip of these fault planes cannot be determined; thus the fault in well 20 is a:r~hitrarily depicted on plate 4.
The Center Point fault, near the northwest corner of the area, is not exposed but was mapped along :Atfcl{inney Creek and Dirty Creek from the SW1;4 sec. 25, T. 10 N., R. 26 W., to the S% sec. 26, T. 10 N., R. 25 W. The fault plane dips south, and the maximum displacement along the surface trace is wbout 150 feet. In well 3 the displacmnent across this fault is about 825 feet. The difference between these amounts of displacement may lbe clue in part to the additional displacement of another fault. This second fault is approximately parall~l to the Center Point fault and is a few hundred feet north of the area of this report. The Center Point fault is joined by a secondary fault in sec. 28, T. 10 N., R. 25 W., and the combined displacement of these faults, and possibly the one to the north, is about 700 feet in well5.
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The Mount Vernon fault, poorly exposed in the northwestern part of the area, extends from sec. 10, T. 9 N., R. 26 W., through sec. 25, T. 10 N., R. 25 W., and northeastward beyond the mapped area, through sec. 28, T.10 N., R. 24 W., and terminates in sec. 27, T. 10 N., R. 23 W. The Mount Vernon fault merges with the Center Point fault in sec. 26, T. 10 N., R. 25 W., and is joined by lesser faults in sec. 11, T. 9 N., R. 26 W., and in sec. 32, T. 10 N., R. 25 W. The displacement of the Mount Vern on fault in well13 is a;bout 40 feet, in well19 about 60 feet, in well 6 about 270 feet, and in well 8, about onethird mile southeast of the exposure, it is about 600 feet and the average dip of the fault plane between the surface and the well is about 48°. The plane of this fault is exposed beside the road in the NE% sec. 28, T. 10 N., R. 24 W., where it dips 80° S.
The Coal Hill fault can be traeed from the west border of the area, in sec. 22, T. 9 N., R. 26 ,V., to 1 mile west of the town of Hartman, in sec. 14, T. 9 N ., R. 25 W. The Coal Hill :fault is joined by several lesser faults and probably splits and rejoins between the towns of Denning and Coal Hill. The fault plane is not exposed hut the surfaee trace can usually be located within a distance of 300 feet. The Coal Hill fault dips toward the south and where penetrated by well 16 has a displaeement of approximately 1,100 feet. The greatest displacement at the surface is about 675 feet, across the two branches of the fault in theN% see. 24, T. 9 N., R.26W. The Hartman fault is in the central part of the area and dips to the north. It can be located within a few feet on the east side of Horsehead Creek in sec. 13, T. 9 N., R. 25 W., and within 100 feet in the E% sec. 9, T. 9 N., R. 24 W. A northwest-trending fault branches frmn the Hartman fault in the SE% sec. 7, T. 9 N., R. 24 W. This fault ean be loeated within a few feet at the west end of the strip mine in the S% sec. 7, T. 9 N., R. 24 W. Where the Hartman fault and the northwest-trending fault 'are apparently intersected by well26 the displacelnents are about 155 and 690 feet, respectively. The displaeements of these faults on the surface, where the surface traee of the fault is nearest the well, are about 150 and 75 feet, respectively. A fault reported to be in well 25, at a depth of 5,300 feet and with a displace,ment of 650 feet, may be the northwest-trending fault or a combination of the Hartman fault and its northwesttrending branch. Two faults were found in well 29, at depths of approximately 3,525 and 3,960 feet and with displacements of about 500 and 385 feet, respectively. These two faults are probably represented at the surface by the Hartlnan fault, although the displacement of the Hartman fault at the surface probably does not exceed about 250 feet. Where intersected by well 31 the I!artman fault has about 440 feet of displaeement.
The Spadra fault borders the north edge of the flood plain of the .Arkansas River in the western part of the area. The west terminus is in sec. 31, T. 9 N., R. 25 W., and the east end joins the Big Danger fault in sec. 22, T. 9 N., R. 24 W. The fault plane can be located within a distance of about 30 feet in the Slf2 sec. 13, T. 9 N., R.
25 W. and in the S¥2 sec. 18, T. 9 N., R. 24 W. Along the highway in the S¥2 sec.13, T. 9 N., R. 25 W. the fault plane probably dips about 60° S. At this locality slickensides and very thin stringers of calcite occur along the fault where it is in shale. The maximum displacement along the surfaee trace of this fault is about 350 feet, in the town of Hartman.
The surface trace of the Clarksville fault extends from the Nlf2 sec. 35, T. 10 N., R. 24 W., to the boundary of the area in sec. 31, T. 10 N., R. 22 W., and eastward into the l{noxville quadrangle. It can be best located in sees. 33, 34, and 35, T. 10 N., R. 23 W. within a distance of 200 feet. The fault plane dips to the south. The displacen1ent at the surface along this fault increases eastward and reaches a 1naximum of about 1,150 feet at the east border of the area. Several lesser faults join the Clarksville fault.
An unnamed fault probably extends from near the SW cor. sec. 3, T. 9 N., R. 24 W., to the Clarksvil1e fault in sec. 33, T. 10 N., R. 23 W. The west end of the fault and the southeast-trending branch in sec. 11, T. 9 N., R. 24 ,V., are depieted on maps of the coal mines in the area. The eastern part of the unnamed fault probably parallels Spadra Creek and eauses the termination of the exposure of the basal sandstone of the Savanna Formation in the Elf2 sec. 5, T. 9 N., R. 23 W. This fault probably joins the Oakland fault and three lesser faults in addition to the Clarksville fault. The plane of the fault dips south. The maximum displaeement along the surface trace may be about 170 feet, in the SE% sec. 2, T. 9N.,R.24W.
The Lamar fault, near the east border of the area, extends from the Clarksville fault in sec. 36, T.10 N., R. 23 W., generally southward to the Big Danger fault in sec. 19, T. 9 N., R. 22 W. The fault plane dips west and can be most elosely located on the surface in sec. 7, T. 9 N., R. 22 "r· The greatest displacement at the surfaee is about 260 feet near the axis of the Dover anticline.
The Oakland fault trends irregularly eastward from sec. 5, T. 9 N., R. 23 W., near Clarksville where it probably joins an unnan1ed fault, to see. 12, T. 9 N., R. 23 W., north of Lamar. The plane of the fault dips southward and is intersected by the north-dipping planes of two lesser faults. The surface trace of the Oakland C24 GEOLOGY OF THE !ARKANSAS VALLEY COAL FIELD fault can be n1ost accurately 1napped in the NE% sec. 9 and the NvVJA sec. 10, T. 9 N., R. 23 vV., where it can be located within a distance of about 300 feet. The greatest displacmnent of the fault at the surface is approximately 330 feet, in sec.10, T. 9 N., R. 23 W. The displaeement of the fault is about 150 feet, in well 34, about 400 feet in well 35, and about 650 feet in well 36.
The Big Danger fault extends from sec. 26, T. 9 N., R. 25 W., to the east boundary of the Clarksville quadrangle in sec.19, T. 9 N., R. 22 W., and it dips southward. It ean be located on the surface within a distance of about 200 feet in the 8E% see. 23, T. 9 N., R. 24 W., and in the Wlh sec. 23, T. 9 N., R. 23 vV., and it has been intersected by several wells in the 8padra gas field. This fault is one of the group of faults located generally in and along the flood plain of the Arkansas River. The Big Danger fault divides into a zone of several faults in the area of the 8padra gas field. The greatest displacement at the surface at any one location aeross the zone is about 700 feet, near the town of New 8padra; the maximum total displacement near the surfaee, beneath the river alluvium, where the fault zone consists of two faults in and near the spadra gas field is about 800 feet, in the Wlh sec. 19, T. 9 N., R. 23 vV. The northern branch of the fault zone has a displacement of about 300 feet in well 37, about 400 feet in well 38, 180 feet in well 39, 300 feet in well 40, 190 feet in well41, and 500 feet in well42. The southern branch of the fault zone has a displaeement of about 500 feet in well 37, about 400 feet in well 38, about 540 feet in well 39, about 550 feet in well 40, about 350 feet in well 41, about 540 feet in well 43, and about 350 feet in well 42. The location, dip, and displacement of these faults near the town of 8padra were determined mainly from the logs of shallow holes 22, 23, 25, 156, 157, 158, 159, 160, 161, and 162.
The unnamed fault near the north slope of Regan ]\fountain dips northward and probably extends from sec. 36, T. 9 N., R. 24 W., to sec. 34, T. 9 N., R. 23 W. The fault is not exposed and can be only approximately located with subsurface data. It probably terminates in sec. 34, T. 9 N., R. 23 W., against the Regan Mountain fault. The maximum displacement at the surface is about 200 feet near the NW cor. sec. 32, T. 9 N., R. 23 W. The displacement of the fault in well42 is about 180 feet.
The unnamed south-dipping fault joining the Regan Mountain fault in sec. 28, T. 9 N., R. 24 W., combines with the southern branch of the Big Danger fault in the Elh sec. 22 T. 9 N., R. 23 W. The location of this fault was determined from logs of wells and shallow holes. The maximum displacement at the surface is about 250 feet in sec. 29, T. 9 N., R. 23 W. The displacement is about 250 feet in well 43, about 100 feet in well 42, and about 150 feet in well 41.
The Tick Hill fault extends from the McLean Bottom fault in the Wlh sec. 25, T. 9 N., R. 25 W., to sec. 20, T. 9 N., R. 23 W. It dips southward and is joined by two faults near its west tenninus. The fault was located with subsurfaee information; its greatest displacement near the surface, at the interface between the rocks of Pennsylvanian age and the river alluvium, southeast of the town of 8padra, is about 75 feet. The displacement of the fault is 100 feet in well 32 and 40 feet in well38.
The Regan Mountain fault trends eastward from the Tick Hill fault in the 81,6 sec. 30, T. 9 N., R. 24 W., to the boundary of the area in the 8~2 sec. 30, T. 9 N., R. 22 W., and extends into the Knoxville quadrangle to the east. It dips south and joins or is joined by several southdipping faults and a north-dipping fault. The fault plane is not exposed, but the surface trace can be located within a distance of a few hundred feet in the areas not covered by alluvium. The greatest displacement at the surface along the fault is probably about 200 feet in sec. 34, T. 9 N., R. 23 vV. Where penetrated by well47 the combined displacements of the Tick Hill and Regan Mountain faults total 850 feet. The displacement of the Regan Mountain fault is 105 feet in well 32 and 40 feet in well 44.
An unnamed south-dipping fault branches frmn the Regan Mountain fault in ~the 8W14 sec. 32, T. 9 N., R. 23 "\V., extends eastward to the border of the area in the 81;2 see. 31, T. 9 N., R. 22 W., and was ·traced into the Knoxville quadrangle (Merewether, 1967) 
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mainly by the use of the logs of wells and shallow holes, but in the N1;2 sees. 29 .and 30, T. 9 N., R. 24 W., the fault was located on the surface within a distance of several hundred feet. The fault plane dips southward and the greatest displacement at the surface is about 350 feet in the bedrock beneath the river alluvium in sec. 6, T. 8 N., R. 25 W. The displacement where the fault was intersected by well 32 is 780 feet.
The Dublin fault was traced eastward from its termination in sec. 10, T. 8 N., R. 25 W., to the border of the area in sec. 10, T. 8 N., R. 24 W., and into the Scranton quadrangle to the south (Haley, 1968) . The Dublin fault dips southward and is joined by a north-dipping fault in the W1;2 sec. 4, T. 8 N., R. 24 W. The surface trace of the fault plane was located mainly by the use of subsurface information, but the position of the fault at the surface was established in the W1;2 sec. 4, T. 8 N., R. 24 W., within a distance of a few hundred feet. The greatest displacement at the surface is probably in the S1;2 sec. 4, T. 8 N., R. 24 W., and is about 150 feet. The displacement of the fault where intersected by well 48 is 520 feet.
An unnamed north-dipping fault was traced from the border of the area in sec. 11, T. 8 N., R. 25 W., to the W% sec. 4, T. 8 N., R. 24 W., where it joins the Dublin fault. The position of the fault was determined mostly by the use of the logs of shallow holes. The maximum displacement of the fault at the surface is about 100 feet in sec. 6, T. 8 N., R. 24 W.
ECONOMIC GEOLOGY
COAL
The coal beds in the area of this report are in the Atoka, 1\fcAlester, and Savanna Formations. The location, extent, thickness, and mined ·areas of all exposed coal beds are shown on plate 3. The coal in the western part of the area is of low-volatile bitmninous rank (pl. 3), and the coal in the remainder of the area is semianthracite. The rank of the coal was detennined by Haley (1960, pl. 62) , in ~a study of the Arkansas Valley coal field, on the basis of ~the percentage of dry, mineral-matter-free fixed carbon, in accordance with the specifications of the American Society for Testing and Materials ( 1939) .
The Lmver Hartshorne coal of the McAlester Forn1a-tion is the only coal bed in the area sufficiently thick and extensive for current mining. The estimated reserves of the Lower Hartshorne coal are listed in table 5 and are tabulated in categories of rank, thickness of coal, and abundance of reliable thickness data, in accordance with the standards and procedures adopted by the U.S. Geological Survey (Averitt, 1961, p. 14--26) . The information used in calcuhuting the reserves wa;g obtained from outcrops, n1aps of coal mines, shallow holes drilled during explor3Jtion for coal and natural gas, wells drilled for natural gas, and previous reports. The depth of the Lower Hartshorne coal in this area is everywhere less than 1,000 feet.
COAL BEDS IN THE ATOKA FORMAITION
Coal beds in the Atoka Formation crop out in three parts of the area and were penetrated by most of the wells. Most of these coal beds are probably very limited in extent and all are probably less than 14 inches thick. The most widespread of these beds is described in the section concerning the stratigraphy of the Atoka Formation. The coal of the Atoka Formation in other parts of the Arkansas Valley coal field is of poor quality (Haley, 1960, p. 818) . The apparent lack of thickness, continuity, and quality in the coal beds of the Atoka in this area indicates that any 1ninable reserves would be small. Semianthracite.
---------------------------- TotaL ________ ----------------------- 55 The McAlester Forma,tion contains, in addition to the Lower Hartshorne coal bed, several coal beds that are less than 14 inches thick. The thickness and lack of continuity of these beds obviate the calculation of minable reserves. The thickness, distribution, and partings of the Lower Hartshorne coal in the mapped area are summarized in the seotion of this report that concerns the McAlester Formation. Analyses of the Lower Ha.rtshorne coal in the Arkansas Valley coal field were listed by Haley ( 1960 , table 4) .
The original reserves of coal in the Lower Hartshorne bed, where the thickness of the bed is at least 14 inches, are estimated to have been 380,727,000 short tons (table   C26 GEOLOGY OF THE tARKANSAS VALLEY COAL FIELD 5). As of J 3!nuary 1963 an estimaated 32,512,000 short tons of this coal had been mined. The amount of coal remaining in the Lower Hartshorne bed in this area is approximately 348,215,000 short tons, of which 33,150,000 short tons are low-volatile bituminous coal and 315,065,000 short tons are semianthracite. l\iost of the remaining coal would probably be mined underground, and underground m:ining generally recovers approximately 50 percent of the coal in the ground (Averitt, 1961, p. 24) . On the basis of the preceding esima.tes, the recoverable reserve of coal in the area of this report is about 17 4,107,000 short tons, which ineludes an estimated 16,575,000 short tons of low-volatile bituminous coal.
COAL BEDS IN THE SAVANNA FORMATION
Coal beds are probably more comn1on in the Sava1ma Formation of this area than in the Atoka or McAlester Formations, but they are discontinuous, and where exposed they do not exceed 10 inches in thickness. Several beds of coal crop out where the Savanna is exposed in the eastern and southeastern parts of the a.rea ( pls. 1 and3).
OIL AND GAS
Crude oil has not been found in the area of this report, but natural gas has been discovered in reported initial potential amounts exceeding 1 million cubic feet per day (table 2) in 29 of the 51 wells in the area. The gas is in rocks of Pennsylvanian age, in the upper, middle, and lower parts of the Atoka Formation and the upper and middle parts of the Morrow Series. Sandstone of Pennsylvanian age has been the main target of those drilling for gas; eonsequently, the potential reservoir rocks of pre-Pennsylvanian age have not been adequately tested. The gas is apparently produced from anticlinal traps, fault traps, or combinations of both. However, the lithology of the bed containing the gas is probably not lruterally consistent, and the relative porosity and permeability of parts of the bed must influence the location of the gas in these structural traps. Several gas-bearing sandstone beds have been penetrated in each of the gas fields, but no well in any one field produces gas fron1'all of the gas-bearing beds of the field. The shape of the gas fields, de,picted on plate 3, is a composite of the arbitrarily defined gas-producing areas surrounding the wells in the field. The gas-producing areas of the wells are delimited on the gas-bearing bed in the subsurface. A well is assumed to produce gas from the area within half a mile of the well, unless this area is crossed by a fault.
The total reported initial potential production of gas from all active wells in the area (Oct. 1, 1964 ) is about 331 million cubic feet per day. The 29 wells supplying this gas have an average potential production of approximately 11,400,000 cubic feet per day.
Most of the anticlines and several of the potential fault traps in the area have been at least partly explored for gas. Additional gas probably will be found in the anticlines, in the unexplored fault traps, and perhaps in the porous parts of lenticular sandstones outside the area of the structural traps.
BUILDING STONE Some of the sandstone and siltstone exposed in the area may be adequate for use ·as building stone. The thin-to medium-bedded and regular-bedded or foresetbedded sandstones are probably the best potential source of building stone or flagstone. In other places in the Arkansas Valley, flagstone is commonly obtained from foreset-bedded parts of the Hartshorne Sandstone. Good building stone was quarried in this area from the basal sandstone of the Savanna Formation in the SlhNE14 see. 13, T. 9 N., R. 23 W., near Lamar. The exposure of this sandstone in the E% sec. 1, T. 9 N., R. 23 vV., might also be exploited for building stone.
A sandstone of the Savanna in the NEl4SWl;4 sec. 23, T. 9 N., R. 23 W., is even bedded and could possibly be quarried for flagstone.
ROAD METAL
Road metal in the Arkansas Valley consists of crushed sandstone and siltstone, shale fragments, coal mine refuse and clinkers, and strea1n and terrace gravel. Quarries are common in sandstone of the Hartshorne and Savanna Formations and are sources of the crushed rock used in the construction of highways and railroads. Shale fragments are used in some places to resurface secondary roads or as fill material. The shale is generally obtained from roadcuts or natural exposures. The fragments of shale, siltstone, and clinker in the piles of waste from underground coal mines are used to resurface secondary roads in many parts of the area. Road metal is also obtained from alluvium rich in gravel. The sources of road metal are determined mainly by the requirements for the material and the location of .the construction project. Sandstone or siltstone suitable for crushed rock can generally be found in any of the formations exposed near the site of construction. The selection of materials to be used for fill or for resurfacing secondary roads apparently depends entirely upon the proximity of exposures of shale, gravel, or of mine waste. Deposits of gravel in river and stream terraces ~rop out in the Slh sees. 29 and 30, T. 9 N., R. 25 1V., COAL HILL, HARTMAN, AND CLARKSVILLE QUADRANGLES, JOHNSON COUNTY, ARK.
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on the north side of Horsehead Creek in sec. 19, T. 9 N., R. 24 )V., and along the edge of the terrace in the Elh sec. 13, T. 9 N., R. 24 vV., and in the 81;2 sec. 7, T.9N.,R.23W.
GRAVEL, SAND, AND CLAY
The alluvium and terrace deposits of the area contain sand and gravel in abundance. However, gravel is probably most accessible in the stream and river terrace deposits and in the stream alluvium. The river alluviu1n at the surface apparently consists mainly of very fine sand, silt, and mud. Clay can be obtained from. the alluvium and terrace deposits of the area but is more readily available in the many exposures of shale. The clay of the weathered shale underlying the uppermost terrace deposits probably contains fewer impurities; however, unweathered shale in the Savannah Formation in the NE1,4SE1/t sec. 3, T. 9 N., R. 23 W., has been used in the manufacture of bricks and tile.
